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doi:10.1016/j.jds.2011.05.007Abstract Background/purpose: The concept of miniscrews-miniplates has been used in
orthodontic practice to reinforce skeletal anchorage. The aim of this study was to evaluate
the mechanical strength of miniplates in vertical and horizontal pull-out tests.
Materials and methods: The insertion torques and pull-out strengths of 10 miniscrewe
miniplate orthopedic sets (five for the vertical and five for the horizontal pull-out tests) within
synthetic bone were determined. Each miniscreweminiplate orthopedic set was composed of
one miniplate and two 7-mm miniscrews, which were manually driven into the artificial bone.
Insertion torque values and the vertical and horizontal pull-out strengths were measured. The
Kruskal-Wallis test was used to test for significant differences.
Results: The horizontal pull-out strength (mean, 233.1 N cm) was significantly greater than the
vertical pull-out strength (mean, 106.8 N cm). The mean peak level of breaking force of the
power chain was only 21.9 N cm. There was no significant relationship between the insertion
torque and pull-out strength.
Conclusions: Successful outcomes were confirmed for the skeletal anchorage concept for
orthodontic treatment using miniscrews and miniplates. The mechanical strength of theOral and Maxillofacial Surgery, Department of Dentistry, Kaohsiung Medical University Hospital,
07, Taiwan. Tel.: þ886 7 3121101x7002; fax: þ886 7 3221510.
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166 P.-C. Lu et alFigure 1 Two 7-mm miniscrews w
the Sawbones (cortical bone: 2
bone: 20 mm thickness) to fasten tminiscrews and miniplates was studied to prove the stability of fixation to resist orthodontic
forces in the vertical and horizontal directions.
Copyright ª 2011, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
Miniplate osteosynthesis is a surgical procedure for repair-
ing fractures and for fixing [ostomies/osteotomies?] using
titanium or stainless steel plates and screws to stabilize
bone fragments in a proper alignment. Hoffman and Molo-
ney1 reported that rigid miniplate and screw fixation of a Le
Fort I osteotomy undertaken to correct a horizontal mid-
dentofacial deficiency was both statistically and surgically
predictable and stable when reviewed up to 12 months
after surgery. Therefore, the function of miniplate osteo-
synthesis is sufficient to provide stable fixation to resist
displacement of bone fragments.
In 1985, Jenner and Fitzpatrick2 reported an alternative
orthodontic anchorage method using a bone plate. Umemori
et al.3 introduced miniplate skeletal anchorage that was
effective in controlling the cant and level of the occlusal
plane during orthodontic open-bite correction without
serious side-effects. Rattanayatikul et al.4 described the
use of miniplates for temporary skeletal anchorage in
treating skeletal Class III malocclusions with missing poste-
rior teeth. Tseng et al.5 reported that miniplates as skeletal
anchorage are effective for managing severely impacted
mandibular second molars. These previous reports indicated
that miniplates produce significant improvements in treat-
ment outcomes and have widened the spectrum of
orthodontics.
Huja et al.6 evaluated the pull-out strength of mono-
cortical screws placed in the maxillae and mandibles of
dogs. They concluded that monocortical screws could
withstand immediate loading and support tooth-moving
forces. Morarend et al.7 studied how the screw diameter
affected orthodontic skeletal anchorage. They found that
smaller-diameter (1.5-mm) bicortical screws provided
anchorage force resistance at least equal to larger-
diameter (2.5-mm) monocortical screws. Narrower bicort-
ical screws could be an alternative to place larger-diameterere self-drill inserted into
mm thickness; cancellous
he miniplate.miniscrews. However, there are no reports concerning the
mechanical strength of miniplates as skeletal anchorage.
The purpose of the present study was to investigate the
mechanical strength of miniplates placed in artificial bone.
Materials and methods
In this study, 10 miniscreweminiplate orthopedic sets
(Leibinger, Mu¨hlheim-Stetten, Germany) were used to
determine their insertion torques and pull-out strengths
within synthetic bone (Sawbones, Pacific Research Labo-
ratories, Vashon, WA, USA) (Fig. 1). Each miniscrewe
miniplate orthopedic set was composed of one miniplate
and two miniscrews (each 7 mm long). Synthetic bone
provides consistent properties for mechanical strength
testing. To simulate the jawbone, 40 pounds per cubic foot
(pcf), g/cm3 of a cellular rigid polyurethane sheet (cortical
bone; 2 mm thick) was attached to a 20-pcf block
(cancellous bone, 250 mm thick) with an acrylate bond
(Scotch, 3M, St. Paul, MN, USA). To achieve comparable
constant conditions for testing, all miniscrews were
manually inserted with a 1.5-mm pilot drill. The insertion
torque was measured using a digital torque transducer
(Lutron, Taipei, Taiwan) (Fig. 2). All miniscrews were
inserted into the bone to a fixed distance of 7 mm. The
experiments were performed with axially applied force
angles of 0 and 180 to the axis of the miniplates for the
vertical and horizontal pull-out tests. pull-out tests were
carried out with a material testing machine (Lloyd, Berwyn,Figure 2 The digital torque meter (Lutron).
Figure 3 In the vertical pull-out test, an orthodontic wire
(0.018 inch) was passed through the hole of the miniplate, then
tied into the material testing machine (Lloyd).
Figure 5 Evaluation of the breaking strength of a power
chain.
Miniscreweminiplate anchorage 167PA, USA) (Figs. 3 and 4). An orthodontic wire (0.018 inch)
was passed through the hole of the miniplate and tied to
the Lloyd pulling apparatus. Five power chains (Ormco,
Glendora, CA, USA) were also used to test the peak
breaking force (Fig. 5). According to Leung’s report,8
sample-size calculations were based on the vertical pull-
out strength tests. Two-sample t tests were used to
determine the sample size that gave 90% power at the 0.05
level of significance (two-sided). The sample size required
only four subjects. Pearson’s correlation coefficient was
used to predict the relationship between the insertionFigure 4 The horizontal pull-out test.torque and pull-out strength for the miniplates. The
Kruskal-Wallis test was used to test significant differences
between the horizontal and vertical forces. Statistical
significance was accepted at P < 0.05.Results
Test data of the insertion torque and pull-out strengths are
summarized in Table 1. Both groups had similar inser-
tion torques for each miniscrew of 5.6e8.6 N cm. Each mini-
plateeminiscrew set had similar insertion torques of
12.4e15.3 N cm. The pull-out strength in the vertical direc-
tion ranged 97.3e118.7 N cm (Table 1). The pull-out strength
in the horizontal direction ranged 222.6e245.7 N cm. The
mean peak level of the breaking force of the power chain was
21.9NcmThepull-out strengths of thevertical andhorizontal
forces were greater than the pull-out force of the power
chain. The investigation of the correlation between the
insertion torque and pull-out strength demonstrated no
significant correlation ineitherdirection.Comparing thepull-
out strengths, that in the horizontal direction was signifi-
cantly greater than that in the vertical direction (Table 2).Table 1 The mechanical strengths of 10 miniplate-
miniscrew orthopedic sets.
Insertion torque (N cm) Pull-out
strength
(N cm)
Screw 1 Screw 2 Subtotal
Vertical
direction
7.1 7.5 14.6 118.7
7.1 7.4 14.5 98.7
6.4 8.6 15 97.3
8.4 6.9 15.3 110
5.6 7.7 13.3 109.3
Horizontal
direction
7.3 5.6 12.9 237.4
6.3 7.3 13.6 227.4
5.6 8.6 14.2 245.7
5.9 6.8 12.7 222.6
6.6 5.8 12.4 232.3
Table 2 The average insertion torque, pull-out strength,
and correlation.
Insertion
torque
Pull-out
strength
Correlation
coefficient
Vertical direction
14.6 118.7
14.5 98.7
15 97.3
15.3 110
13.3 109.3
Subtotal 14.54 106.8 0.15
Horizontal direction
12.9 237.4
13.6 227.3
14.2 245.7
12.7 222.6
12.4 232.3
Subtotal 13.16 233.1* 0.57
*Statistical significance was set at P < 0.05.
Horizontal pull-out strength was significantly greater than
vertical one.
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Midfacial and mandibular miniplates are commonly applied
to fix fractured fragments in a proper alignment. The
retention strength of miniplate osteosynthesis was
designed to resist compressive and tension forces that
occur physiologically. Therefore, miniplate osteosynthesis
has sufficient strength and rigidity to withstand masticatory
forces generated immediately after a craniofacial or
maxillofacial bone fracture and an osteotomy. The mini-
plate is used as skeletal anchorage to sustain maximum
orthopedic forces. In general, optimal orthodontic forces
vary for different tooth movements, but they are usually
<2 N cm to avoid damaging the dentoalveolar tissue. The
orthopedic forces with headgear, facebow, and chincap
therapy are no larger than 10 N cm.
When performing experiments in vitro, fresh cadavers
have been used for biomechanical testing for a long time.
However, ethical issues concerning such work have
contributed to animal bone being used as an alternative.
Although animal bone can be reliable, it can cause animals
discomfort and even death. There are also significant
problems in using animal bone because it differs from
human bone in many aspects, including the mineral density,
cortical thickness, and age. Therefore, efforts are being
made to find alternatives to animal bone. Artificial bone is
an option devoid of many of these issues, and the
mechanical properties of human bone (including density
and rigidity) can consistently be simulated. The bone
density, cortical bone thickness, and overall bone depth
play important roles in mechanical testing. It is for these
reasons that artificial bone is now commonly used in real-
istic teaching models and mechanical tests.
The thickness of the cortical bone of the jaw is an
important factor in miniplate stability. Ono et al.9 investi-
gated the cortical bone thickness in the buccal posteriorregion mesial to the first molar where mini-implants are
often placed. The average cortical bone thickness ranged
1.09e1.62 mm in the maxilla and 1.59e2.66 mm in the
mandible and tended to increase with height. According to
researchers’ findings, we set the cortical bone thickness to
2 mm and insertion depth to 7 mm. Therefore, our study
coincides with normal anatomy and thus outcomes should
be comparable with clinical situations.
Kim et al.10 investigated orthodontic space closure of
premolar extraction sites with miniplate anchorage
compared to conventional tooth-borne anchorage in an
animal study. Their results confirmed that miniplates
provide virtually absolute anchorage, which is better than
tooth anchorage. In our study, the average pull-out
strengths of miniplates were 106.8 N cm in the vertical
direction and 233.1 N cm in the horizontal direction. The
retention strength of miniplates was >10e23-fold higher
than the orthopedic force and 53e116-fold higher than the
orthodontic tooth force. This means that miniplates provide
maximum anchorage for various orthodontic and orthopedic
forces. Lim et al.11 determined variations in insertion tor-
ques of orthodontic miniscrews according to the screw
length, diameter, and shape. They concluded that minis-
crews can efficiently reinforce the initial stability by
increasing the diameter, but the proximity of the root at
the implanted site should be considered. Salmo´ria et al.12
evaluated the insertion torque of mini-implants for ortho-
dontic anchorage, to compare their axial pull-out strengths
and to analyze correlations among these variables. They
reported that the insertion torque is not an efficient
method for predicting the retention of mini-implants. When
considering the correlation between the insertion torque
and pull-out strength, we found that an increase in torque
did not lead to an increase in pull-out strength.Conclusions
The miniscreweminiplate operation is not complex and
immediate loading is possible. It can simultaneously resist
various directional forces without the need for patient
compliance. When a maximum anchorage preparation is
required, miniplates can stably hold thus shortening the
treatment time. In our study, miniscrews and miniplates
provided greater retention forces than both the ortho-
dontic and orthopedic forces in the vertical and horizontal
directions.References
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